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L2: Entry 16 of 51 File: USPT Mar 6, 2001 



DOCUMENT -IDENTIFIER: US 6197201 Bl 

** See image for Certificate of Correction ** 

TITLE: Process for removal and stabilization of arsenic and selenium from aqueous 
streams and slurries 



Detailed Description Text (2) : 

As used herein, "removing an ion from a solution or slurry" refers to reducing the 
concentration of such ion, preferably arsenite, arsenate, selenite or selenate ion, 
preferably to a concentration determined by the goals of the process. "Aqueous 
solution" refers to a solution in which water is the dissolving medium or solvent. 
"Slurry" refers to suspended solid particles including different ores and rocks in 
a liquid which contains water. A "precipitating composition" refers to any of the 
agents described herein that cause precipitation of the ions of interest. A "solid" 
material refers to the resultant material formed from the contacting of the 
precipitating composition with the aqueous solution or slurry. Solid materials 
formed include amorphous materials and crystalline materials or mixtures. The pH of 
the aqueous solution or slurry is adjusted by any means known by one skilled in the 
art, including addition of calcium hydroxide or sodium hydroxide to raise the pH or 
acid to lower the pH. A "concentration effective for removing at least one ion" 
refers to the concentration of precipitating composition required to remove a 
measurable amount of the selected ion. A "flocculating agent" is a chemical that 
induces the formation of particles suitable for precipitation . One example of a 
flocculating agent is BuFloc (Buckman Laboratory, Memphis, Tenn.). Adjusting the 
oxidation potential of the aqueous solution or slurry can be achieved by any means 
known to those skilled in the art, including the addition of bleach (sodium 
hypochlorite) to the solution. "Stabilizing an ion" refers to the process of making 
the ion resistant to a number of processes including leaching, degradation and 
other decomposition processes and does not necessarily include precipitating the 
ion. "Lanthanum chloride" refers to both pure and impure lanthanum chloride. Impure 
lanthanum chloride can contain various elements of the lanthanide series in 
addition to lanthanum. The lanthanide series of elements includes the elements 
lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium, 
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium and lutetium. 

Detailed Description Text (57) : 

Stabilization of Arsenic in Solids of Minahasa Tailings Slurry in Sea Water 
Detailed Description Text (58) : 

The tailings from Minahasa Indonesia gold mine operations is submarine discharged 
into the ocean. Therefore it is necessary to determine the stability of arsenic -to--.. 
sea water after treatment of the tailings slurry. An experiment was conducted using 
the following conditions: 

Detailed Description Text (60) : 
Initial Sea Water pH=7.72 

Detailed Description Text (61) : 

Initial As concentration in Sea Water =<0.05 ppb. 
Detailed Description Text (62) : 
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To a 20 gram sample of stabilized slurry (dry) , 180 ml sea water was added. The 
slurry was stirred gently at 30 to 35 rpm. After 1 hour, 4 hours and 8 hours, the 
pH of the slurry was measured. At each time, 3 0 ml of slurry was filtered with 0.4 5 
micron filter paper and the arsenic concentration in the filtrate was analyzed. 

Detailed Description Text (63) : 

Experimental results of arsenic release as a function of time are given in Table 
12. It can be seen that the arsenic concentration of as-received dried tailings 
which leached out in both sea and tap water were around 9 ppm after 8 hours. This 
observation reinforces the notion that arsenic is continuously released from the 
solid phase. Table 12 clearly shows that the slurry stabilized with combination of 
lanthanum chloride and ferric sulfate is strongly resistant to releasing arsenic 
upon exposure to seawater . In this case the arsenic concentration was about 3.98 
ppm after 8 hours. 

Detailed Description Paragraph Table (13) : 

TABLE 12 Stability of Arsenic in Solids of Minahasa Tailings Slurry 1 hour 4 hours 
8 hours Dosage As As As Treatment lb/ton pH ppm pH ppm pH ppm Untreated Solids 8.5 
6.14 8.3 8.43 8.2 9.02 from Slurry in tap water Untreated Solids 8.1 5.35 8.1 7.45 
8.1 8.9 from Slurry in sea water Fe . sub . 2 (SO . sub . 4 ) . sub .3 2.0 8.0 4. 92 8.1 5.5 8.1 
6.37 LaCl.sub.3 0.5 8.1 5.12 8.1 5.74 8.1 5.96 Fe . sub. 2 (SO . sub . 4 ) . sub . 3 + 
LaCl.sub.3 2.0 + 0.5 8.0 3.63 8.1 3.91 8.0 3.98 
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L2 : Entry 21 of 51 



File: USPT 



May 6, 1997 



DOCUMENT- IDENTIFIER: US 5626825 A 

TITLE: Process for the purification of magnesium hydroxide 
Brief Summary Text (2) : 

Magnesium hydroxide is mainly obtained by cave extraction, by sea brine extraction, 
by reaction with NaOH or Ca(OH) .sub. 2, or by sea water extraction, making the 
magnesium hydroxide therein contained precipitate with a strong base and then 
extracting by known techniques (see the booklet of Sardamag Spa, January 1994 -- 
"Production of sea water magnesite for refractory purposes", Moscuzza et al . ; 
Villavecchia Eigenmann: vol. 4, pag. 2006). 

Brief Summary Text (3) : 

The natural magnesium hydroxide extracted from caves shows a relatively high purity 
of 96-98%; at present the low extracting cost, the great availability and the high 
purity make this product preferable in respect with the product extracted by sea 
water, for some peculiar applications or as starting material for further 
purification; however the qualitative and crystalline unevennesses make this source 
limiting as to pharmaceutics and as flame retarder, in the industry of plastics and 
cables and also in the industry of cosmetics and detersives. 

Brief Summary Text (5) : 

The magnesium hydroxide synthesised from sea water is obtained by precipitation 

with a base, for instance calcium or sodium hydroxide, effecting consecutive 

washings with inorganic acids of low price, such as for instance HC1, H.sub.2 

SO. sub. 4, and then solubilizing again the hydroxide and recrystallizing it with the 

help of great quantities of washing water, thereby obtaining improvements of the 

titer. 

Brief Summary Text (9) : 

The anions normally contained in sea water, which are not eliminated during the 
purification process, obviously reduce the titer of the final product. 

Brief Summary Text (10) : 

Further, magnesium hydroxide easily reacts with the carbon dioxide present either 
in the water or in the air forming magnesium carbonate (and eventually calcium 
carbonate if calcium hydroxide is used for the precipitation ) and thereby further 
lowering the purity thereof: the titer of magnesium obtained is in fact hardly 
higher than 93/95% (expressed as MgO) . 

Brief Summary Text (12) : 

A thermic process, where the hydroxide is calcined and transformed into the oxide 
and then rehydrated to be retransf ormed into the hydroxide, is used to further 
purify magnesium hydroxide from sea water . 

Brief Summary Text (19) : 

The starting product can be magnesium hydroxide extracted from sea brine or from 
sea water just prepared or even packed and being some months old. 
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L2: Entry 22 of 51 



File: USPT 



Mar 26, 



1996 



DOCUMENT- IDENTIFIER: US 5501798 A 

TITLE: Microf iltration enhanced reverse osmosis for water treatment 



Detailed Description Text (4) : 

Thus, for example, by reference to FIG. 1, there is provided a schematic 
illustrating the process of the invention utilizing a high recovery R0 membrane 
followed by a small microf iltration membrane. In FIG. 1, there is provided a 
container 2 into which waste water stream 4 is introduced. If stream 4 contains 
suspended solids, a pref iltration device such as an MF membrane, sand-bed 
filtration with or without flocculant addition, dead-end cartridge filtration or a 
combination of these may be used to remove the suspended solids that may. foul the 
R0 membrane. In this process, an antiscalant 6 may be introduced to container 2, if 
desired. Liquid having soluble and sparingly soluble constituents is withdrawn -from 
container 2 along line or conduit 8 and pumped along pipe 12 by high pressure pump 
10 to reverse osmosis unit or chamber 14. The liquid is introduced to high pressure 
side 20 of R0 membrane chamber 14. In chamber 14, the RO membrane rejects the 
soluble and sparingly soluble constituents such as soluble salt to provide purified 
liquid or permeate on low pressure side 22 of the RO membrane. The permeate is 
removed along line 16. By rejecting the soluble and sparingly soluble constituents, 
the RO membrane provides a retentate that is removed along line 18. The retentate 
is removed from the high pressure side of the RO membrane at a rate sufficient to 
avoi d precipitation of the sparingly soluble constituent on the membrane with its 
attendant problems. That is, the rate of removal from high pressure 20 is important 
to avoid precipitation on the membrane and to avoid interference with its ability 
to operate at high efficiency. The retentate can contain high levels of the 
sparingly soluble constituent or even be supersaturated as long as its removal is 
effected at a rate that avoids precipitation . After removal of the retentate along 
line 18, a precipitating agent such as sodium hydroxide, magnesium hydroxide, 
ammonia, sodium carbonate, calcium hydroxide and like chemicals that will reduce 
the solubility of the sparingly soluble salts, is added that effects precipitation 
of the soluble constituent. The precipitating agent may be added to high pressure 
side 28 of chamber 24 as long as precipitation is effected. 

Detailed Description Text (20) : 

A system for purifying wastewater was set up substantially as shown in FIG. 1. For 
purposes of testing the system, a synthetic feed water was formulated using city 
water by the addition of calcium carbonate, calcium sulphate and silica. The feed 
water contained total dissolved solids (TDS) 1200 mg/1, 870 mg/1 SO. sub. 4, 230 mg/1 
Ca, 90 mg/1 HCO.sub.3, 4 5 mg/1 SiO.sub.2. A polymeric antiscalant compound 
(polyacrylic acid-2enotreat 150) was added at a concentration of 20 mg/L to the 
influent water. The process was operated for 12 days. The RO membrane was a 2.5- 
inch high pressure seawater polymeric spiral -wound membrane module available from 
Film Tec Corporation, Minneapolis, Minn., under the designation FT-30 SW 2540. The 
MF membrane was a Zenon hollow fiber polymeric microf iltration membrane available 
from Zenon Environmental, Inc., Burlington, Ontario, Canada under the designation 
ZW-10. The system was operated in a semi -continuous mode wherein spike city water 
was fed continuously to the RO membrane as in FIG. 1, and the RO permeate was 
continuously discharged to drain while returning the RO concentrate to container 2 
via MF filtration unit 24. In this way, the concentration of the soluble and 
sparingly soluble materials increased as the water recovery increased. At 85% RO 
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recovery, concentrations of the retentate in the RO tank at a pH of 8 . 7 were as 
follows: TDS was 5700 mg/1, SO. sub. 4 was 3300 mg/1, Ca was 1200 mg/1, HCO.sub.3 was 
330 mg/1 and SiO.sub.2 was 174 mg/1. When this concentrate was transferred to a 
precipitation tank and the pH adjusted to 9.9 by adding sodium hydroxide, the TDS 
was 4900 mg/1, SO. sub. 4 was 3000 mg/1, Ca was 770 mg/1, HCO.sub.3 was 72 mg/1 and 
SiO.sub.2 was 3 8 mg/1. The RO permeate had a TDS of only 6 mg/1. Thus, it will be 
seen that the concentrations of sparingly soluble materials (especially HCO.sub.3 
and SiO.sub.2) were significantly reduced. The total suspended solids (TSS) was 
increased from 12 ppm to 900 ppm indicating precipitation of said materials 
external to the RO membrane. The MF membrane flux was 50-55 gallons/sq. ft. /day 
(gfd) at 15 .degree. -20 .degree. C. and at a slight vacuum of -6 psig and the RO flux 
was steady at 12-15 gallons/sq. ft. /day (gfd) at 20. degree. C. and 400 to 500 psig. 
These steady permeate flux data show that both the MF and RO membranes did not foul 
or scale at 85% to 90% recovery, in spite of the presence of high concentrations of 
sparingly soluble materials in the incoming water. As the overall recovery reached 
approximately 91%, the RO membrane flux started to decrease but only slowly, 
reflecting the onset of solids precipitation which is believed to be due to the 
high silica concentration in the RO membrane tank. Thus, it will be seen that the 
system can be operated at very high percent recovery without any significant 
decrease in flux. 
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L2: Entry 30 of 51 File: USPT Jul 31, 1984 



DOCUMENT- IDENTIFIER: US 4462713 A 

TITLE: Method for mining and reclaiming land 

Brief Summary Text (22) : 

The average 4% salt level in soil indicates approximately 100,000 lbs. of salt are 
present per foot acre in the Highwood Bench area. It is been found that the most 
common salts are sodium and magnesium sulfates and that magnesium sulfate 
(MgS0.sub.4.7H.sub.2 0) is the predominant salt in the saline seep soils. Magnesium 
sulfate has a fairly high solubility of 262 grams per liter and as a result, it is 
easily leached from the soil and is concentrated in the water table. Magnesium 
sulfate is highly toxic to plant life and in view of a relatively high 
concentration of about 3,000 to 4,000 mg. per liter, as opposed to sea water which 
contain approximately 1,3 00 mg. per liter, is practical to mine commercially from 
the saline seep water. 

Brief Summary Text (23) : 

The present combined method of mining and reclaiming land of the invention 
contemplates the collection of the saline seep and its treatment to first remove 
available calcium as calcium carbonate to prevent contamination of the magnesium. 
One such method of pretreating the saline seep to remove available calcium as 
calcium carbonate would be to treat the raw saline water with sodium cabonate.and 
sodium hydroxide to remove calcium carbonate. Thereafter, magnesium can be removed 
as magnesuim hydroxide by treating the solution with sodium hydroxide to 
precipitate and remove the magnesium hydroxide from the filtrate for further 
treatment. Calcium hydroxide or lime is then added to the resulting filtrate to 
remove the calcium sulfate as gypsum. The magnesium hydroxide and calcium sulfate 
both have commercial uses which make the mining of the saline seep water 
economically justifiable. 

Brief Summary Text (30) : 

The combined mining and land reclamation process of the invention would in its 
preferred mode utilize a plastic lined holding pond or tank to prevent the 
penetration of the brackish collected drainage waters from penetrating into the 
ground. The water in these holding ponds or tanks could then be periodically 
diverted into further tanks for treatment with sodium carbonate Na.sub.2 CO. sub. 3 
and sodium hydroxide Na.sub.2 OH to react with the calcium in the brine and form 
calcium carbonate which could be precipitated or filtered out of the solution from 
the bottom of the pond or holding tank. The filtered solution or mother liquid 
could then be transferred to another holding tank or pond where additional sodium 
hydroxide would be added to precipitate out magnesium hydroxide which would be 
collected and thereafter processed to produce magnesium metal. The mother liquid or 
filtered solution could then be transferred to a further tank or holding pond and 
calcium hydroxide would be added to precipitate further calcium as a calcium 
sulfate. The drained off mother liquid or filtrate could then be transferred to a 
further holding tank or pond and treated with sodium carbonate to remove excess 
calcium as a calcium carbonate precipitate before the water is further purified or 
returned to the recharge or discharge area depending upon the soil salinity in the 
respective areas. 

Detailed Description Text (12) : 
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Referring now to FIGS. 2 and 3, the combined method of mining and reclaiming land 
is illustrated in which a saline seep is controlled by the utilization of drainage 
pipe 30 to collect terranean and subterranean waters from a saline seep 24. The 
subterranean waters from water table 14 as represented by arrow 26 (FIG. 1) is 
collected by drain pipes 30 along with terranean water supplied from irrigation 
source arrows 28. Raw saline seep water that has been collected from areas in 
Montana as will be set forth hereinafter in greater detail in Examples contains 
more dissolved solids than sea water . Sea water typically contains about 36,000 mg. 
per liter of total dissolved solids whereas the total dissolved solids of brackish 
waters collected in sample areas have been as high as 49,700 mg. per liter. 

Detailed Description Text (13) : 

The collected raw saline seep water as represented by block 40 is then treated with 
sodium carbonate an d sodium hydroxide to remove calcium carbonate as represented by 
block 42 to prevent contamination of the magnesium hydroxide salts. As has been 
discussed, raw saline seep water can be collected in a first pond or tank and 
thereafter fed to a processing tank for treatment with sodium carbonate, sodium 
hydroxide to precipitate out the calcium carbonate which may be filtered or settled 
out from the remaining liquid which can then be transferred to a second tank for 
the removal of magnesium by the precipitation of magnesium sulfate as magnesium 
hydroxide by the treatment of the filtrate represented by block 46 with sodium 
hydroxide to precipitate out the magnesium hydroxide represented by block 4 8 which 
is subsequently treated and reduced to magnesium metal in a process that will be 
described hereinafter in greater detail. 

Detailed Description Text (16) : 

In accordance with the present combined method of mining and reclaiming land it has 
been found that magnesium can be removed from brackish water with only minimal 
additions of sodium hydroxide as will be discussed in the examples hereinafter in 
greater detail. The reverse osmosis unit is effectively utilized after pretreatment 
and may be a unit manufactured by Osmonics, Inc. of Hopkins, Minn, or unit 
manufactured by Allied Water Corp. of San Francisco, Calif. Alternatively ion 
exchange, which will be discussed hereinafter in greater detail or electrodialysis 
may be advantageously employed after pretreatment to purify the water to potable 
condition. Electrodialysis units are available on the market and can be purchased 
from Ionics, Inc. of Watertown, Mass. 

Detailed Description Text (17) : 

Referring now to FIG. 3, a process for the recovery of magnesium from the magnesium 
hydroxide precipitate of FIG. 2 is illustrated. The magnesium hydroxide as 
represented by block 48 is placed into a settling tank 80 and is subsequently 
filtered through a filter 82 to which filtrate hydrochloric acid represented by 
block 84 is added to form a magnesium chloride solution as represented by block 86. 
The magnesium chloride solution is then dried in a dryer as represented by block 8 8 
and introduced into an electrolytic cell as represented by block 90 and thereafter 
converted to magnesium metal and chlorine gas. The mining of Magnesium metal from 
the raw saline seep water is economically justifiable since sea water which has 
been traditionally utilized to mine magnesium contains only approximately 1,300 
milligrams per liter of magnesium while the brackish waters collected from the 
saline seeps have magnesium contents of from about 2,500 to 7,000 ml. per liter. 
The saline brines contain in addition to magnesium minable quantities of calcium 
sulfate or gypsum to provide byproducts that can be mined from the saline seep 
water before the water is purified and re-circulation back to the land or 
discharged into rivers and streams. 

Detailed Description Text (18) : 

The pretreatment removal of the magnesium and calcium sulfate assists not only in 
providing more effective reverse osmosis but also allows less retention time in the 
reverse osmosis unit and less fouling. However, in the case of pre-treatment 
careful pH and sodium hydroxide control is necessary to insure the quality of the 
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purified magnesium hydroxide precipitate. The removal of the magnesium hydroxide 
precipitate assists in allowing the reverse osmosis unit to be smaller and run more 
economically and in an alternative embodiment allows the utilization of a smaller 
ion exchange unit which may be substituted for the reverse osmosis unit. An ion 
exchange system would utilize a two resin bed preferably employing a strong acid 
such as hydrochloric acid and a weak base combination such as ammonia. The 
causticization of ammonia chloride will occur with magnesium oxide followed by the 
hydrolysis of magnesium chloride in a recycle loop. Thermal energy could be 
utilized to recover ammonia and hydrochloric acid for reuse and the solid waste 
salts then recovered rather than a brine stream. Typical equations for an ion 
exchange flow system would be as follows : 

Detailed Description Text (25) : 

A portion of the sample of the raw saline seep of Example 1 was analyzed for 
specific conductance and precipitated with sodium hydroxide . Results of the 
precipitation and percentage analysis of the major elements present in the raw 
saline seep precipitate as filtered are as follows: 

Detailed Description Text (30) : 

In this Example a 50% concentrate of the brine solution of Example 3 was treated 
with sodium hydroxide to recover the major elements which were separated out of the 
raw saline seep water of Example 1 by reverse osmosis. The results of this 
treatment of concentrated brine obtained by reverse osmosis were as follows: 

Detailed Description Text (32) : 

It has been found that by utilizing a stronger concentration of sodium hydroxide 
than was utilized in Example 2 and by allowing the sodium hydroxide more time to 
react with the magnesium produces a greater percentage of magnesium hydroxide 
precipitating from the raw saline seep of Example 1. In this Example, the treatment 
of the raw saline seep of Example 1 precipitated 21.43% of the magnesium as 
magnesium hydroxide. 

CLAIMS : 

2 . The method for mining and reclaiming land of claim 1 wherein said step of 
purifying said subterranean water further includes the step of chemically treating 
said subterranean water with sodium hydroxide to precipitate said calcium and 
magnesium salts. 

3. The method for mining and reclaiming land of. claim 2 wherein said step of 
treating said subterranean water with said sodium hydroxide further includes a 
prior treatment of said subterranean water with a combination of sodium carbonate 
and sodium hydroxide to precipitate calcium as calcium carbonate before treating 
the filtrate with additional sodium hydroxide to remove magnesium salts as 
magnesium hydroxide. 

4. The method of mining and reclaiming land of claim 3 wherein said step of 
purifying said subterranean water further includes the treatment of the resulting 
filtrate after the precipitation of said magnesium hydroxide with calcium hydroxide 
and sodium carbonate to remove excess calcium. 

15. The process for simultaneously mining and reclaiming land of claim 11 wherein 
said step of mining comprises a step of collecting said waters in settling tanks 
and treating said collected waters with sodium hydroxide and sodium carbonate to 
first precipitate calcium carbonate. 

16. The process for simultaneously mining and reclaiming land of claim 15 wherein 
said step of mining includes after said step of precipitation of calcium carbonate 
the removal of the mother liquid to a further settling tank that is treated with 
sodium hydroxide to precipitate magnesium hydroxide. 



http://westbre:9000M^ 7/31/06 



Record Display Form 



Page 4 of 4 



25. The method of mining salt laden glacial till while reclaiming a swale for 
agricultural purposes of claim 24 wherein said step of mining said collected water 
includes the step of pretreating said collected water with sodium hydroxide to form 
a preciptiation of excess minerals. 

26. The method of mining salt laden glacial till while reclaiming swale for 
agricultural purposes of claim 2 5 wherein said step of purifying said collected 
water includes the application of ion exchange to said collected water after said 
precipitation of excess minerals from said collected water after a pretreatment 
with sodium hydroxide . 
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L2: Entry 37 of 51 File: USOC Oct 31, 1967 

DOCUMENT- IDENTIFIER: US 3350292 A 
TITLE: Utilization of saline water 



OCR Scanned Text (4) : 

United States Patent Office 31350,292 3,350,292 UTMIZATION OF SALIN' -P WATER Arthur 
Joseph Weinberger, Stamford, and Darwin Fiske De Lapp, New Canaan, Conn., 
assignors, by direct and mesne assignments, of one-half to American Cyanamid 5 
Company, Stamford, Conn., a corporation of Maine, and one-half to the United States 
of America as repre . sented by the Secretary of the Interior Filed May 14, 1964, 
Ser. No. 367,428 11 Claims. (C] . 204-130) 10 ABSTRACT OF THF, DISCLOSURE Sea water 
is converted to potable form, and chemicals recovered, by adding a soluble alkali 
such as sodium hy- 15 droxide to convert bicarbonate to carbonate, and sodium , 
carbonate to precipitate calcium, the precipitates re- moved; magnesium separately 
separated by (1) cation exchange resi-@is, using recycled sodium chloride to regen- 
erate, or (2) adding sodium hydroxide and separating 20 magnesium hydroxide; then 
acidifying, converting the de- scaled sea water to potable water and a saline 
concen- trate, and recovering salt or sodium hydroxide for re- cycle from the 
saline concentrate, and recovering bromine if desired. 25 This invention resulted 
from work done under a con- tract with the Office of Saline Water in the Department 
of the Interior entered into pursuant to the Saline Water Act, 30 42 U.S.C. 1951- 
1958g. This invention relates to processes for rendering saline wate rs potable and 
simultaneously recovering in com- mere ially usable form at least part of the 
mineral content of the water. Primarily, the invention is for the recovery 35 from 
sea water of potable wa 1 ter primarily for - drinking and domestic purposes, 
although also completelv - satisfac- tory for industrial and irrigation purposes. 
The - hardness, i.e., the Ca++ and Mg++, in the water is minimized to prev ent or 
reduce scale formation utilizing low cost 40 che micals, which preferably at least 
in part are regener- ated in the process to secure water sufficiently free from 
scale forming components that the water may be used in evap orators, and after 
concentration of the miicral con- tent, at least part of the mineral content is 
recovered, the 45 reco vered values being used in the process, or sold as such , or 
transformed to industrially saleable materials. In the past sea water has been 
distilled to yield potable wate r using a single effect or multiple effect 
evaporator or a multistage flash evaporator and at times generated 50 stea m has 
beeii compressed to raise the iemperature so that the compressed steam could be 
used in part as the heati rig medium. Stich compressive distillation pro- cedu res 
are particularly useful where power is available at a low figure. 55 In such 
distillation procedures the natural hardness of sea water has caused scaling of 
equipment, thus reducing capa city and increasing costs due to both the low heat 
trans fer coefficient aiid the cost of maintaining the equip- ment . 60 Also, in 
the past, efforts have been, made to recover com mercially useftil values from sea 
water . These have vari ed from schemes ranging from the exotic for recover- ing 
gold, to commercially useful processes for recover- ing magnesium, sodium chloride, 
or bromine. As illus- 65 trativ e of such prior art, U.S. Patent 2,764,472, W. R. 
Cady et al . , "Brine Puri cation," Sept. , 1956, discloses a method for produch-ig 
substantially pure sodium chloride crystals. U.S. Patent 2,772,143, W. F. Mcllbenny 
et al . , "Method of Recovering Magnesium Salts From Sea 70 Water," Nov. 27, 1956, 
discloses a method for producing a magnesium salt from sea water in which the sea 
water Patented Oct. 31, 1967 2 is diluted with fresh water and the magnesium 
separated by an ion exchaige resin® In this patent there is a disclosure of adding 
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sodilim carbonate and sodium hydroxide to precipitate calcium carbonate and the 
effluent is fed to the ion exchange resin beds. U@S . Patent 2,934,419, V. Cook, 
"Method of Treatiilg Sea Water, 11 April 26, 1960, discloses the recovery of trace 
minerals from sea water by adding sodium hydroxide and sodium carbonate to 
precipitate calcium and magnesium, on the surface of which precipitate particles 
are concentrated trace elements. U.S. Patent 3,128,248, Suzuki, "Method For The 
Purification of Brine," April 7, 1964, shows the use of sodium hydroxide and lime 
or sodium carbonate to separate ma.® nesium and calcium from brine and sea water, 
using as coagulant oil, soap or polyelectrolyte, with pressurizing of the system 
under air, thus forming, on release froni pressure, fine air bubbles which give a 
more rapid flotation of the precipitated calcium carbonate and magnesium hydroxide. 
Since the times of the Phoenicians, or earlier, sea water has been evaporated to 
yield sodium chloride as table salt-sometimes of questionable purity. In each of 
these processes a single objective is controlled. We have now discovered a system 
whereby the sea water can be treated to yield potable water aiid mineral values 
concurrently; thus reducing the cost because part of the cost is borne by the 
valtie of the potable water and part of the cost is borne by the recovered 
chemicals. It has now been found that sea water can be descaled using cheinicals 
obtained at least in part from the treated sea water so that a comparatively scale - 
free feed is obtained, thus permitting higher efficiency in the evaporator or other 
physical recovery process, and h@.9her concentration of the effluent, which 
effluent is used as a source of chemicals. Both the chemicals and the potable 
viater are regarded as saleable products; although the chemicals alone may be the 
primary product. The demand and transportation costs determine the econoniies in a 
particular location and determine wbich should be regarded as product and which 
should be regarded as by-product. Th@- value of the chemicals produced and the cost 
of raw materials for the process varies with location. The material required in the 
largest quantity which is not yielded by the process is lime. The lime caii, of 
course, be recovered by burning calcium carbonate, if a more eco® nomical source is 
not available. Similarly, even though the process is designed primarily using 
sodium hydroxide and sulfuric acid for pH control, and sodium chioride for ion 
resin exchange regeneration, there are times and places where the -economics are 
warped by having the process streams from adjacent chemical plants which have 
useful constitueiits at distress prices. For example, if an acid such as 
hydrochloric acid or phosphoric acid, or a gaseous alkali such as ammonia or 
lithium hydrox, 1 @de or potassium hydroxide is available where for peculiar local 
reasons the economic value is very low, such components can be introduced into the 
systein. Lithium hydroxide or lithium carbonate or potassium hydroxide or potassium 
carbonate theoretically could be used but in any normal economic pattern are non- 
competitively priced. Similarly, ammonia could be used for pH control or introduced 
as ammonium carbonate with ammonia being recovered later in the process by 
treatment with lime. SLch variations can be adjusted into the process with minor 
modifications in the presence of unusual economic considerations. The present 
process cannot be economically practiced on a small scale because the cost of labor 
would be proportionately too high. Where a major plant investment can be made to 
yield several million gallons of water per 
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3 day, the pro-, ess becomes economically more attractive. The process can become 
even imore attractive where major quantities of heat are available from a process 
as, for example, a nuclear -eneratin,® station or a large power plant, which mal@es 
heat available at a lower proportionate cost. Waste heat from plant processes is 
particularly attractive for distillatioii operations. Although the preliminary 
treatment can conveniently be at room temperature, it is frequently advantageous to 
warm the feed water to increase the speed of reaction, give a more readily 
filterable product, and rediice the viscosity durin.- processing. Such heat is not 
wasted as the treated feed to later distillatioii would be of the water already 
heated, and the heat would be conserved. Such variations are, of course, within the 
scope of the present invention and in part depend on local economic factors, 
including climatic conditions, at any particular plant. As us-.d in this 
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application, sea water refers essentially to the saline water that exists in the 
open sea, although it includes the same sea water, somewhat concentrated by partial 
evaporation in inland areas, such as the Red Sea, or as diluted by dumping minor 
quantities of chemicals or fresh water or sewage, as fro@m rivers, to give a 
somewhat more dilute sea water, and sea water as diluted by melting ice as it 
exists in the polar regions. Althou-.h the chemical analysis of the sea water may 
vary somewhat in 'various areas of the world, the present process may be used 
successfully with any such sea water as feed. The feed is, of course, filtered or 
settled to remove seaweed or other solid particles, includin.- fish, before use. 
Potable water is used to refer to water of a low solids- concentration suitable for 
drinkin.- or domestic purposes, such as the ordinary household uses, including 
washing the baby, washin.- clothes, dishes and other household chores. It is also 
satisf - , ictory for the irrigatio-Ti of crops, lawns, other agriculturil uses and 
industrial uses, includin.- boiler feed water, chemical processes, including 
plating baths, steel mills, cement mills, and ore processin.®. Usually the 
industrial and agricultural uses require a lower first cost so economics become 
important. The economics iii each area must be considered as competitive sources 
and availability and purity affect the economic advisability of installing a plant 
for recovering potable water and chemical by-products from sea water . In some areas 
of the world, and even of the United States, the demond for potable water is 
already at the point that production from sea water is economically advantageous on 
a major scale. In other areas, potable water in streams and rivers is in sucli 
large supply that sea water treatment is definitely out of the question for the 
near futureBy physical . conversion is meant the physical process of separating water 
from dissolved salts and includes the various forms of distillation, freezing, 
dialysis, reverse osmosis, and hydrate formation. In the drawings: FIGURE I is a 
flow sheet showing ion exchange separation of magnesium. FIGURE 2 is a flow sheet 
of an embodiment separating ma-nesium as the hydroxide, and salt recovered as such. 
® FIG. 3 is a flow sheet showing magnesium separated as the hydroxide, and direct 
electrolytic regeneration of sodium hydroxide . In accordance with one modification 
of the present invention, saline water after preliminary screening to remove gross 
contaminants, is treated in any order with sodiuni hydroxide or lime and sodium 
carbonate to convert bicarbonate ions to carbonate ions and to precipitate calcium 
carbonate. The clarified solution is mixed with more sodium hydroxide to 
precipitate magnesium hydroxide which is thickened and either dried and calcined to 
yield magnesia as a product, or reacted with hydrocliloric acid to convert it to 
magnesium chloride. The sea water, virtually free from calcium and magnesium, is 
fed to a distillation unit for the recovery of 3,350,292 potable water from the 
overhead and the concentrated saline effluent is further concentrated to yield 
crystalline sodium ebloride, at least part of which is electrolyzed to produce 
sodium hydroxide and chlorine. As an alternate, , the concentrated brine may be 
treated with lime to precipitate calcium sulfate, then sodium carbonate to pre- 
cipitate excess calcium, then partly electrolyzed to yield ©ascous chlorine 
(collected as a product) aild a sodiuni hydroxide solution containing some salt. A 
portion of this 10 latter is treated with carbon dioxide gas (furnace stack gas 
flow in sulfur can be used) and recycled to the steps requiring sodium carbonate, 
Some of the sodium hy- droxide is used as reqtiired in the treatment process, and 
any remainder sold. Part of the chlorine may be used to 15 release bromine from the 
concentrated brine to obtain product bromine. Convenieiitly, alternatively, the sea 
water is treated with lime ( calcium hydroxide ) and soda ash (sodium carbonate) to 
precipitate out calcium carbonate. The cal- 20 cium carbonate slud-e can go to 
waste or be recovered if sufficient den-iand exists. After the carbonate is 
settled, the remaining solution is passed throu.-h a series of ion exchan-ers which 
pick up magnesium and any residual calcium ions. The softened water is fed to an 
evaporation 25 unit. The effluent from the eviporation unit is evaporated further 
to obtain sodium chloride, preferably after sulfate removal. The ion exchar)ge 
resin is re.-enerated with concentrated sodium chloride, which is made up by 
dissolving a 30 portiori of the crystallized sodium chloride produced in part of 
the fresli water. Concentrated brine from the sea water evaporation contains too 
mtich sulfate to be used for regeneration, since calcium sulfate would precipit- 
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, Ite with the ma.- nesium hydroxide when lime is added. A 35 mixture of the brine 
with sodium chloride dissolved in fresh water may be used, so Ion- as the sulfate 
present is not sufficient to precipitate calcium sulfate. The rich regenerant from 
the ion exchan.-er contains the major part of the ma. -nesium and some calcium and 
excess 40 sodium, as the chlorides. This is mixed with additional lime yielding 
magnesium hydroxide which is settled and/ or filtered, dried a@-id calcined to 
magnesium oxide or, where desired, converted to magnesium chloride with 
hydrochloric acid and electrolyzed for the recovery of magnesium metal. A very 
pure prodtict is obtained, and can 45 often be sold at a premium price. The 
overflow from magnesium hydroxide precipitation, containing substantial calcium and 
sodium chloride is mixed with the concentrate from the evaporator to yield calcium 
sulfate as a sludge and the supernatant solution 5 ( is treated with sodium 
carbonate as required to separate eycess calcium as calcium carbonate. If the 
maximum production of sodiuni chloride is not required, it is de- sirable to add 
only a portion of the overflow from mag- nesium hydroxide precipitation to the sea 
water concen- 55 trate, since the former contains more dissolved calcium than the 
equivalent Of S04 in the latter. Other salts present in minor quantities can be 
separated out before or after the recovery of bromine if the economics at the 
location of operation justify recovery. 60 Obviously, the exact proportions used 
will vary depend- ing upon the economics of a particular plant. The costs of heat 
and the economic value placed on purified water and the market potential of various 
chemicals produced will vary depending on freight, purities, and other eco- 65 
nomic considerations. Accordingly, the examples below are to be considered as 
illustrative only and the exact operating points for maximum economic recovery 
varies from plant to plant and time to time but in accordance with the geiieral 
principles outlined herein. It is to be 70 understood that quantities of sea water 
treated are comparatively large and minor changes in economic conditions vary the 
preferred control points in the process. Example I As shown in FIGURE 1, sea water 
is treated with cal75 cium oxide and sodium carbonate to precipitate calcium 
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5 carbonate. The calcium oxide is added in sufficient quantity to convert 
substantially all of the bicarbonate in t sea water to carbonates and sufficient 
sodium carbonate is added to react with substantially all of the calcium then 
present. Only a small amount of the magnesium precipitates and the calcium 
carbonate which precipitates contains predomiiiant portions of the heavy metal 
impurities such as aluminuni and iron as their hydroxides. The calcium carbonate is 
settled or otherwise separated. The treated water is passed through several 
successive beds of ion exchange resins which absorb most of the .magnesium and any 
residual calcium while releasing sodium to the solution. The water thus formed can 
be considered as descaled as it has a very small proportion of seal , - -formin. - 
constituents present. Conveniently, and customarily, the pH is adjusted with a 
mineral acid. The acidification renders certain of the salts more soluble and 
permits deaeration and concentration. The descaled sea water is concentrated in an 
evaporator, specifically in this example a multiple effect evaporator, to yield 
product water which is substantially pure and a concentrate. Because the water has 
been descaled, it is convenient to concentrate about ten-fold until the sodium 
chloride in the water is near saturation, thus forming a concentrate. The ion 
exchange resin bed which is heavily loaded with magnesium and contains some calcium 
is regenerated by passing through the bed a concentrated solution, preferably 
saturated, or sodium chloride in fresh water. It is preferred to use a 
comparatively pure sodium chloride dissolved in pure water. If the brine 
concentrate itself were used the high concentration of sulfate ions would 
introdtice complications. The regenerant solution contains the magnesium and 
calcium primarily as a chloride with some sodium chloride and, in accordance with 
conventional practice, lime may be added either as calcium oxide or as a slurry of 
calcium- hydroxide, which precipitates magnesium as the l,ydroxide; which is 
thickened, filtered and washed. It may be dried and calcined to give comparatively 
pure magnesia, or may be treated with hydrochloric acid to yield magnesium chloride 
for electrolysis to produce metallic magnesium or other purposes. The solution 
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from which the ma.-nesia has been precipitated, containing a mixture of sodium and 
calcium chlorides, is mixed with a concentrate from the water conversion unit, 
containing sulfates, precipitating calcium sulfate which may be heated and treated 
to form a desired grade of gypsum. The clarified liquid from the calcium sulfate 
precipitation is treated with sodium carbonate to precipitate residual calcii-im as 
the carbonate, which can be washed, dried and calcined for use in the magnesia 
precipitation, or elsewhere. The clarified low calcium brine is evaporated to yield 
pure water and comparatively pure sodium chloride. Preferably the sod@ium chloride 
is separated out before dryness is reached and before any other components 
precipitate, so that a filtrate is obtained containing bromides and most of the 
residual salts not earlier accounted for. Some of the sodium chloride and pure 
water obtained are used to prepare the brine for regenerating the ion exchange 
resin. The concentrated brine, effluent from salt evaporation is acidified with 
sulfuric acid, eblorinated to release free bromine from the dissolved bromides, 
then blown with air to displace the bromine as vapor. The bromi-@ie vapor is 
absorbed in sodium carbonate solutiori which is acidified and steamed in accordance 
with conventional practices to yield product bromine. After the bromine separation 
the brine is conveniently neutralized with sodium carbonate and discarded, although 
it may be discarded in the acid form. As is obvious, certain modifications may be 
made, as for example, the linie may be added as a slurry of calcium hydroxide, or 
alkalinity can be introduced as sodium h3 7droxide wbich reduces the amount of 
calcium carbonate to be settled. The choice of the use of lime or sodium hydroxide 
depends upon the rhaiketabf lity and availability of these respective materials. In 
the pH adjustment sulfuric acid is normally used as the cheapest of the mineral 
acids. However, if part of the product sodium chloride is electrolyzed to yield 
sodium hydroxide and chlorine, part of the chlorine may be converted to 
hydrochloric acid and the hydrochloric acid used for acidification. If other 
chemical operations are conducted adjacent, either sulfuric or hydrochloric 1( acid 
in an adequately pure form may be present as a byproduct waste stream and, hence, 
chargeable at a very low cost. The required sodium carbonate inay at least in part 
be produced by absorbing carbon dioxide from stack gases with caustic soda. 15 The 
treatment such as the calcium carbonate settling and ion exchange steps may be at 
an elevated temperature as at higher temperature reactions occur more rapidly, and 
the viscosity of the solution is reduced so that it is more easily handled. At the 
same time as the effluent 20 is to be treated in a physical conversion unit, if a 
physical conversion process is chosen which involves evaporation, the hoat used to 
warm the sea water is recovered. Useful data on presoftening and ion exchange is 
given in U.S. Patent 2, 772;, 143, supra. 95 The precipitated calcium carbonate is in 
a comparatively pure form, which is easily handled and, as such, may be more 
valuable in this form than as the burned and recycled lime. Example 2 30 This 
process descales water at a high concentration ratio and offers considerable 
flexibility in by-products. Magnesia and chlorine are necessarily produced. 
Purified sodium chloride, sodium hydroxide, chlorine and bromine are produced in a 
desired amount up to the maxi- 35 mum values in the feed water. As shown in FIGURE 
2, the sea water is treated with recycled sodium hydroxide solution containing some 
sodium chloride from an electrolysis cell and sodium carbonate containing some 
sodium chloride from absorbing 4 0 carbon dioxide from stack gas in the same caustic 
salt solution. Settling may be aided by the addition of small quantities, of the 
order of I to 2 parts per million, of a high molecular weight polyacrylamide and 
the calcium carbonate settled out as - a sludge. The decalcified sea 45 water is 
theia mixed with additional sodium hydroxide solution which precipitates the 
magnesium as a hydroxide. Additional polyacrylamide may be added to aid in the 
settflng of the magnesium hydroxide. The magnesium hydroxide is washed, filtered, 
dried, and may be calcined to 50 yield purified magnesium oxide or treated with 
hydrochloric acid to yield magnesium chloride. The clear effluent from the 
magnesium hydroxide precipitate is acidified with sulfuric acid, deacrated, then 
fed to the physical conversion step. A compression distillation stage was used 55 
to ©give pure water as product, and a concentrate nearly saturated in sodium 
chloride. Whereas the concentrate could be treated as in Example 1, by choice it 
was fed into a salt evaporator with pure water being collected in the overhead and 
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evaporation being continued forming 60 pure product sodium chloride 1 until the 
incipient precipitation of other salts. At this point the residual brine was mixed 
with a mineral acid and eblorine gas for the recovery of bromine as described in 
Example 1. After the stripping of the bromine the residual brine was discharged 65 
back into the sea. Part of the product sodiuln chloride was mixed with fresh water 
and fed to electrolysis cells to generate saleable chlorine gas, and sodium 
hydroxide solution, containing some residual sodium chloride, which was recycled to 
the process. 7o. The proportion which is electrolyzed depends on the demand for 
chlorine and caustic at the plant location. It is not necessary to remove sulfates 
from the concentrate to the salt evaporator unless a high salt product rate is 
desired. If high salt production is desired, it is conven- 7,5 ient to remove the 
sulfates as described in Example 1. 
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7 The waste brine from the bromine stripper is preferably- neutralized with 
sodilini carbonate or lime to reduce dama.@e to aquatic life from the effluent. The 
process of this example is particularly attractive because the output of chlorine 
from a ten million gallon per day conversion plant would amount to less than 3% of 
the commeteially shipped chlorine in the United States and, hence, could be readily 
absorbed by the market. Exajnple 3 As showri in FIGURE 3, the raw sea water is 
treated with sodium hydroxide containing sodium chloride and sodium carbonate 
containiii.- sodium chloride recycled from electrolysis cells, and stack -as 
absorption, Calcium carbonate is separated out, and magnesium hydroxide is 
precipitated by the addition of additional caustic. The descaled sea water is fed 
through a deaerator after being iiiixed with mineral acid and the descaled, 
acidified sea water is physically converted by a multiple-effect multiple-sta-c 
conversion distillatioii unit to yield pure water and a concentrated brine. Part of 
this brine is pur, -ed to bromine recovery as above described, which purge removes 
recycled products other than the desired products. The remainder of the concentrate 
has lime added thereto in sufficient quantity to separate the sulfates as calcium 
sulfate, which is recovered in the form of -ypsum and then sodium carbonate is 
added in sufficient quantity to precipitate substantially all of the remaining 
calcium as calcium carbonate, which gives a concentrated sodiun-i chloride solution 
which is fed to the electrolysis urlits. In this process the calcium cirbonate can 
be burned to lime and the stack gases used as a source of carbon dioxide iri the 
production of sodium carbonate. As is obvious to those skilled in the art, the 
processes described in these three examples may be in part interchanged with each 
other and the products can be separated out in the form which is acceptable to the 
market. For example, part of the sodium chloride can be sold as a brine where such 
brine is desired, and the cost of shipment is reasonable. The effluent from the 
bromine recovery contains the majority of trace minerals not otherwise accounted 
for. Stiitable steps can be taken for their recovery if desired. Usually the 
material is not of sufficient value to warrant further trealment . Other chan, -es 
and modifications obvious to those skilled in the art are within the scope of the 
appended claims. We claim: 1. The method of recovering potable water from sea water 
which comprises adding in any order to sea water (1) a soluble alkaline material to 
convert substantially all of the bicarbonate to carbonate, and (2) sodium carbonate 
to react with substantially all of the calcium, and separating out the resultant 
precipitated calcium carboriate, together with coprecipitated iron and aluminum as 
hydroxides; subsequently separately separating magnesium ions from the decalcified 
sea water, thus forming a descaled sea water, adding a low cost mineral acid, 
separating the descaled sea water into a potable water prod,uct, and a saline 
concentrate, and recovering at least part ,of the sodium values in the soditim 
chloride in the -saline concentrate in a form useful for recycling to the process, 
as at least one of (1) said soluble alkaline material and (2) said sodium 
carbonate. 2. The metliod of recovering potable water from sea water which 
comprises adding in any order to sea water (1) a soluble alkaline material from the 
group consisting of sodium hydroxide, calcium oxide and calcium hydroxide to 
convert substantially all of the bicarbonate to carbonate, and (2) sodium carbonate 
to react with substantially all of the calcium, and separatitig out the resultant 
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precipitated calcitirn carbonate, together with coprecipitated iron and aluminum as 
hydroxides; and subseqtiently separately adding additional sodium hydroxide and 
separating mag.nesium from the decalcified sea water, as the hydroxide, 3,350,292 
13 thus forming a descaled sea water, addin.- a low cost mineral acid to the thus 
descaled sea water, evaporating and condensing part of the descaled sea water 
containing said mineral acid to form a potable water product and a residual saline 
concentrate, and recovering and recycling at least part of the sodium values in the 
saline concentrate as sodium hydroxide for pH adjustment. 3. The method of 
recovering potable water from sea water wbich comprises adding in any order to sea 
water 10 (1) a soluble alkaline material from the group consisting of sodi-Lim 
hydroxide, calcium oxide and calcium hydroxide to convert substantially all of the 
bicarbonate to carbonate, and (2) sodium carbonate to react with substantially all 
of the calcium, and separating out the resultant precipi- 15 tated calcium 
carbonate, together with coprecipitated iron and aluminum as hydroxides; and 
subsequently separately separating magnesium ions from the decalcified sea water, 
with a cation exchange resin, thus forming a descaled sea water, adding a low cost 
mineral acid to the thus descaled 2 0 sea water, evaporating and condensing part of 
the descaled sea water containing said mineral acid to form a potable water product 
and a residual saline concentrate, and recovering and recycling at least part of 
the sodium values iri the saline concentrate as sodium chloride solution to 25 re- 
, encrate said cation exchange resin. 4. The method of recovering potable water from 
sea water which comprises adding in any order to sea water (1) a soluble alkaline 
material from the group consisting of sodium hydroxide, calcium oxide and calcium 
hydroxide 3 0 to convert substantially all of the bicarbonate to carbonate, and (2) 
sodium carbonate to react with substantially all of the calcium, and separating out 
the resultant precipitated calcium carbonate, together with- coprecipithted iron 
and aluminum as hydroxides; and subsequently separately 3 5 addin- additional sodium 
hydroxide and separating magnesium from the decalcified sea water, as the 
hydroxide, thus forming a descaled sea water, adding a low cost mineral acid to the 
thus descaled sea water, physically- converting the descaled sea water containing 
said mineral acid 40 to a potable water product and a saline concentrate b@ 
freezing, and recovering and recycling at least part of the sodium values in the 
saline concentrate as sodium hydroxide for pH adjustment. 5. The method of 
recovering potable water from sea 45 water which comprises adding in any order to 
sea water (1) a soluble alkaline material from the group consisting of sodium 
hydroxide, calcium oxide and calcium hydroxide to convert substantially all of the 
bicarbonate to carbonate, and (2) sodium carbonate to react with substantially all 
50 of the calcium, and separating out the resultant precipitated calcium carbonate, 
together with coprecipitated iron and aluminum as hydroxides; and subsequently 
separately separating magnesium ions from the decalcified sea water, with a cation 
exchange resin, thus forming a descaled sea 55 water, adding a low cost mineral 
acid to the thus descaled sea water, pbysically converting the descaled sea water 
containing said mineral acid to a potable water product and a saline concentrate by 
freezing, and recovering and recycling at least part of the sodium values in the 
saline 60 concentrate as sodium chloride solution to regenerate said cation 
exchan,@e resin. 6. The method of recovering potable water from sea water which 
comprises adding in any order to sea water (1) a soluble alkaline material from the 
group consisting 65 of sodium hydroxide, calcium oxide and calcium hydroxide to 
convert substantially all of the bicarbonate to carbonate, and (2) sodium carbonate 
to react with substantially all of the calcium, and separating out the resultant 
precipitated calcium carbonate, together with coprecipitated iron 70 and aluminum 
as hydroxides, and subsequently separately adding additional sodium hydroxide and 
separating magnesium from the decalcified sea water, as the hydroxide, thus forming 
a descaled sea water, adding a low cost mineral acid to the thus descaled sea 
water, physically convert- 75 ing the descaled sea water containinf-, said mineral 
acid to 

♦ 
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3,350,292 9 a potable water product and a saline concentrate by eleetrodialysis , 
and recovering and reeycling at least part of the sodium values in the saline 
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concentrate as sodium hydroxide for pH adjustment. 7. The method of recovering 
potable water ftom sea water which coi-nprises adding in any order to sea water (1) 
a soluble alkaline material from the group consisting of sodium hydroxide, calcium 
oxide and calcium hydroxide to convert substantially all of the bicarbonate to 
carbonate, and (2) sodium carbonate to react with substantially all of the calcium, 
and separating out the resultant precipitated calcium carbonate, together with 
coprecipitated iron and aluminum as hydroxides; and subsequently separately 
separating magnesium ions from the decalcified sea water, with a cation exchange 
resin, thus forming a descaled sea water, adding a low cost mineral acid to the 
thus descaled sea water, physically- converting the descaled sea water containing 
said mineral acid t@o a potable water product and a saline concentrate by 
electrodialysis, and recovering and recycling at least part of the sodium values in 
the saline concentrate as sodium chloride solution to regenerate said cation 
exchange resin. S. The method of recovering potable water from sea water wlaich 
comprises adding in any order to sea water (1) a soluble alkaline material from the 
group consisting of sodium hydroxide, calcium oxide and calcium hydroxide to 
convert substantially all of the bicarbonate to carbonate, and (2) sodium carbonate 
to react with substantially all of the calcium, and separating out the resultant 
precipitated calcium carbonate, together with coprecipitated iron and aluminum as 
hydroxides, and subsequently separately adding additional sodium hydroxide and 
separating magnesium from the decalcified sea water, as the hydroxide, thus forming 
a descaled sea water, adding a low cost mineral acid to the thus descaled sea 
water, physically converting the descaled sea water containing said mineral acid to 
a potable water product and a saline concentrate by reverse osmosis, and recovering 
and recycling at least part of the sodium values in the saline concentrate as 
sodium hydroxide for pH adjustment. 9. The method of recovering potable water from 
sea water which comprises adding in any order to sea water (1) a soluble alkaline 
material from the group consisting of sodium hydroxide, calcium oxide and calcium 
hydroxide to convert substantially all of the bicarbonate to carbonate, and (2) 
sodium carbonate to react wih sub@tantially all of the calcium, and separating alit 
the resultant precipitated calcium carbonate, together with coprecipitated iron and 
aluminum as hydroxides; and subsequen-tly separately separating magnesium ions 
from the decalcified sea water, witb a cation. exchange resin, thus forming a 
descaled sea water, adding a low cost mineral acid to the thus descaled sea water, 
physically converting the descaled sea water containing said mineral acid to a 
potable water product and a saline concentrate by reverse osmosis, and 10 
recovering and recycling at least part of the sodium values in the saline 
concentrate as sodium chloride solution to regenerate said cation exchange resin. 
10. The method of recovering potable water from sea water which comprises adding in 
any order to sea water (1) a soluble alkaline material from the group consisting of 
sodium hydroxide, calcium oxide and calcium hydroxide to convert substantially all 
of the bicarbonate to carbonate, and (2) sodium carbonate to react with 
substantially all 10 of the calcium, and separating out the resultant precipitated 
calcium carbonate, together with coprecipitated iron and aluminum as hydroxides, 
and subsequently separately adding additional sodium hydroxide and separating 
magnesium from the decalcified sea water, as the hydroxide, 15 thus forming a 
descaled sea water, adding a low cost mineral acid to the thus descaled sea water, 
physically converting the descaled sea water containing said mineral acid to a 
potable water product and a saline concentrate by hydrate formation, and recovering 
and recycling at least 2 0 part of the sodium values in the saline concentrate as 
sodium hydroxide for pH adjustment. 11. The method of recovering potable water from 
sea water which comprises adding in any order to sea water (1) a soluble alkaline 
material from the group consisting 25 of sodium hydroxide, calcium oxide and 
calcium hydroxide to convert substantially all of the bicarbonate to carbonate, and 
(2) sodium carbonate to react with substantially all of the calcium, and separating 
out the resultant precipitated calcium carbonate, together with coprecipitated iron 
30 and aluminum as hydroxides; and subsequently separately separating magnesium 
ions from the decalcified sea water, with a cation exchange resin, thus forming a 
descaled sea water, adding a low cost mineral acid to the thus descaled sea water, 
physically converting the descaled sea water 3 5 containing said tnineral acid to a 
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potable water product and a saline concentrate by hydrate formation, and recovering 
and recycling at least part of the sodium values in the saline concentrate as ■ 
sodium chloride solution to regenerate said cation exchange resin. 40 References 
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Patented Apr. 16t IM 2939gt743 UNITED STATES PATENT OFFICE 2,398,743 RECOVERY OF 
MAGNESHM COMPOUNDS Sheldon B. Heath and Forest R Minger, Midhmd, Mich., assignors 
to TYAE D@@ Chemical Com- pany, Mdland, IMeh., a corporation of Bgch- Appucation 
Aprfl 24. 1944, Serial No. 532,388 7 Claims. (CI. 23-91) This invention relates to 
a method of recover- ing magnesium chloride froni seb, water and other natural 
brineg containing the same. The principal object of the invention Is to pro- vide 
an improved method of treat in. g sea, water o and like brines® to separate the 
magnesium salts dissolved therein and recover the same in the form of solid 
magnesium cliloride substantially free c) f the impurities normally present in such 
brines. Other obj@cts will be apparent from the 10 description. The process of the 
invention is based on a se-, ries of reactions which include raixing the sea water 
or other magnesium-containing brine with alkah, thereby precipitating insoluble 
magnesium 16 hydroxide, separating the latter from the spent brine, converting the 
separated hydroxide to mag- nesium chloride solution by neutralization with 
hydrochlori c acid, and then evaporating the solu- order to Gbtaiii a ftal pr6duct 
of high purity is hereinafter , @et forth In detail. The inv6tion may best be 
explained with reference to the accompanying drawing, which il- 2 5 lustrates 
diagramynatically the flow of materials in a preferred embodiment of the new 
process. The raw material, e. g. sea water or any of a number of natural inland 
brines, bitterns, and quantity of boron retained as impurity in the set_tled 
magnesium hydroxide precipitate. Thus it has been found that, when an amount of 
lime or other alkali is used which is less than, sufficient to react with all the 
magnesium salts in the sea water, the precipitated magnesium hydroidde carries with 
it, probably by adsorption, a large proportion of the boron compouyads in the rgw 
water. . - These compounds persist through the neutralizatioxx and subsequent steps 
of the process, and appear as impurities in the final magnesium chloride. However, 
if, for the precipitation of the magnesium hydroxide, an excess of alkali Is added, 
the boron compounds are not appreciably retained by the magnesium hydroxide 
precipitate, but remain in solution and are dis. carded with the spent brine. 
Minimum retention of boron by the hydroxide results when the lime or other alkali 
is added in such excess as to pro. the like, invariably contains, in addition to 
the 3 9 hydroxide. The limit of solubility of calcium hydesired magnesium chloride, 
substantial prppor- droxide in sea water correspon to a above, preferably about 
0.015 N to 0.03 N; wfth lime, these veaues correspond roughly to a 10 to 30 per 
cent overliming of the sea water . A higher alkalinity, e. g. up, to the limit of 
solubuity of calcium hydroxide in the brine, does not unfavorably affect the 
operation of the process, although it has no material advantage as regards the 
reduction of the boron content of the niaguestuni tion to form solid magnesium 
chloride. The man- 20 duce in the aqueous suspension a soluble alkalinner in which 
these steps are to be carried out in ity corresponding to a normality of 0.01 N or 
tions of dissolved calcium salts and of sodium chlorid6 . In most cases small but 
signifleaut pro- portions of other substances, such, as sulfates, car- bonates, and 
borates, are also present. All these 35 materials are, of course, to be separated 
from the magnesium ebloride . In the process as shown in the drawing, the raw sea 
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water is run into a figeculator I in which it is mixed with an aqueous solution or 
suspen- 40 sion of an alkau. conveniently milk of Ume which is prepared by slaking 
quicklime In water, classi- fying to remqve sediment, and thickening the re- 
sulting mixture to a concentration of 10® td 15 pounds of lime per. cubic foot. The 
all@ar con- 45 verts the dissolved manestum salts in the sea water to insoluble 
magnesium hydroidde, the lat® ter forming as a flocculent precipitate which Is 
separated from the sea water and converted Ito m&gnesium chloride in the s . 
ubsequent stages of 50 the process. In the case of wa water and other brines which 
have an appreciable content of dissolved boron compounds, careful . control of the 
proportion of SIM employed is necessary to minimize the alkalinity of about 0.04 N, 
while with stronger brines the solubility of calcium hydroxide m.ay rise to a 
soluble alkalinity of as much as '0.065 N. pollowing the precipitation step in the 
flocculator I the treated sea water is transferred to a settling tank 2, such as a 
Dorr thickener, in which s sin &in a q eseent it i m t ed in ui - state, so thot 
the magnesium hydroxide settles to the bottom of the tank as a thtek sludge, which 
is withdrawn when it eontains from about 5 to 15 per cent by weight of anhydrous 
magnesium hydroxide. The bulk of the sea water remains as a supernatant clarified 
liquor, which is ordinarily allowed to overflow to waste. The thickened magnesium 
hydroxide sludge from the settling tank 2 is pumped to a filter 3, conveniently a 
suction futer of the Moore type, in which the magnesium hydroxide Is recovered as a 
cake, the futrate being discarded or returned to the flocculator for reworking. The 
wet futer ake of magnesium hydroxide, containing small of calcium salts, sodium 
chloride, cars, and other impiu-ities, Is forwarded for 
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hydrochloric acid and the remainder with a hy- drochloric- sulfuric acid mixture, 
and then recom- bining the two neutralized brines, it may be con- venient to 
neutralize both portions of the creamed slurry with mixtures of hydrochloric and 
sulfuric 5 acids one Portion with a mixture containing a high proporti6n of 
hydrochloric acid and the other with an acid mixture containing mostly sulfuric 
acid, and then to combine the two neu-. tralized liquors to effect calcium sulfate 
adjust- 10 ment, as described. Again, in another m(>dificb,- tion, after the 
riiagnesium hydroxide slurry re- suiting from the creaming step has been divided 
into two Portions, the one is neutralized with a hydrochloric acid-sulf uric acid 
mixture and the 15 other with hydrochloric acid alone, the two re- suiting 
neutralized brines then being evaporated separeitely, after which the concentrated 
brines are mixed in measured proportions to remove cal- cium and sulfate. In 
further mgdif ications , the 2 0 creamed magnesium hydroxide slurry may be acidffled 
in one step with a mixture of the two acids in controlled proportions' or the 
entire mix- ture may be acidified with hydrochloric acid alone, and a soluble 
sulfate thereafter added to 26 react with the dissolved calcium salts in the 
adjusting step, either prior to or subsequent to evaporation to 3 0 to 4 0 per cent 
magnesium chloride concentration. The removal of calcium salts and sulfate from 3o 
the neutralized magnesium chloride brine rilay also be effected according to the 
invention bY methods differing slightly in detail from th6 careful calcium-sulf ate 
adJiLsting operation already , alization may 35 described. For instance, the neutr 
be carried out with hydrochloric acid or hydro- chloric and swfuric acid mixtures 
in such man- ner as to produce a substantial equivalency 6f calcium and sulfate in 
the neutralized magnesium chloride brine, thus insuring removal of most of 40 the 
calcium and sulfate as calcium sulfate pre- cipitate, but leaving, however, a 
slight excess of calcium or sulfate, as mgy be converiient. Then the. resulting 
brine, after f titration or sett3ing to ' remove the calcium sulfate already 
Precipitated, 45 silt, etc., and preferably but not necessarily also after 
evapomtion to 30-40 per cent magnesium chloride concentration, may be later treated 
with a strong calcium chloride solution or with a strong soluble sulfate solution, 
e. g. sodium sulfate, in 50 a proportion sufficient to produce substantiallv exact 
equivalency of calcium and sulfate. The small additional amount of calcium sulfate 
so formed is then removed, leaving a practically pure magnesium 'chloride solution. 
In an alter- 55 native procedure, useful when a slight amount of excess sulfate is 
present in the evaporated neu- tralized brine, the bulk of precipitated calcium 



http://westbrs:9000^in/gate.exe?f^doc&state=ffpvq.34.51&ESNAM 7/31/06 



Record Display Form 



Page 3 of 4 



sulfate is removed as explained, after which a so- lution of a barium salt, e. g. 
barium chloride, is 60 added in a proportion just sufficient to remove the 
dissolved sulfate as barium sulfate T) recipitate . In the foregoing process 
description milk of lime, i. c. calcium hydroxide, has been referred 65 to a@s the 
alkarne precipitant for magnesiuni hY- droxide. Either high calcium lime or 
dolomite lime may be used for the purpose. In some cases dolomite lime WM be 
preferred for the reason that Its magnesia content Is added to the output of 
magnesium hydroxide and, in turn, of mag- 70 nesium chloride. An alkali metal 
hydroxide, e. g. sodium hydroxide, may also be used, if- desired. This application 
is a continuation-in-part of our prior application Serial No. 405,190, Med August 
2, 1941. 75 3 We claim: i.. In a method of treating sea water to recover magnesium 
salts therefrom as substantially pure magnesium chloride, the steps, which- 
c'omprise: treating the sea water with milk of lime in a proportion sufficient to 
react with aU the magnesium salts in the sea water and to produce in the treated 
water an alkalinity above 0.01 N but not materially exceeding 0.03 N, thereby 
forming a precipitate consisting essential of magnesium hylY droxide but also 
egntaining small proportions of calcium salts and sodium chloride as impurities; 
separating the magnesium hydroxide precipitate from, the trea;ted ses. water; 
creaming the precipitate with suffleient magnesium chloride brine containing 8 to 
15 per cent by weig#t of magnesium chloride to. form a suspension of magnesium 
hydroxide; dividing the creamed suspension o two portions; neutralizing one portion 
with aqueous hydrochloric acid in a quantity suffleient to prodtice in the 
neutralized solution a pH value of about 5.5 to about 7.0, forming magnesium 
chloride solution, and neutmlizing the other , portion with an aqueous mi : iture of 
hydrochloric acid and sulfuric acid in 8; quantity sufficient to produce in the 
neutralized solution a pH value about 5.5 to about 7.6, iorming a solution of 
magnesium chloride contahiing soluble sulfate, both such solutions also contahiing 
smah proportions of calcium salts and sodium, chloride as impurities; combining the 
tw6 neutralized solutions in such proportions that, the resulting solution contains 
sulfate in a @ qitantity substantiauy equivalent st oichiometrica@y to t.hat of 
the* calcium salts dissolved therein,® removing insoluble impurities from the 
col.@bined solution and evaporating the clarified solution to a concentration 
between about 30 and about 4 0 per cent by weight of magnesium chloride, at which 
concentration the calcium Sulfate and sodium chloride impurities are substantiary 
insoluble therein; agitating the evaporated s61ution for a Period sufficient to 
permit the calcium sulfate and sodium chloride impurities to precipitate 
substantially completely; removing the precipitated impurities by :ftltratign; and 
evaporating the ffltered solution to recover the magnesium chloride therefrom in 
solid form. @ 2. In a method of treating brines containing magnesium and caicium 
salts to* recover the inagnesium content thereof as substantially pure magnesium 
chloride, the steps wwch consist in mixing with the brine an excess of alkali over 
the chemical equivalent of the magnesium salts therein but not substantially more 
than is required to produce in the treated brine a soluble Eilkalinity of 0.065 N, 
thereby forming a Precipitate of magnesium hydroxide, separating the precipitate, 
creaming the teparated precipitate with magnesiuni chloride solution, to produce a 
uniform suspension, neutralizing the suspension with aqueous hydrochloric a'cid and 
produchig In the solution a concentration of sulfate substantially equivalent 
stoichiometrically to that of residual calcium salt impurities th6rein, to form a. 
solution of magnesium chloride containing caleium sulfate together with sodiuni 
chloride iis impurities, evaporating the solution to a concentration at which the 
calcium sulfate and sgdium chloride are. substantially insoiuble therein, 
separating the insoluble impurities, and further evaporating the purified solution 
to recover magnesium chloride in solid form. 3. in a method of treating sea water 
to recover substantially pure magnesium chloride therefrom, 
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4 2,898,743 the deps which condat in -rnf3din with the sea water an excess of mflk 
of hme over the chem- leal equivalent of the ma=esium mdts therein but not 
substAntiaUy more than Is required to produce In the treated sea-watexa swuble 
allrtilin- 5 ity, of- 0.04 N. thereby forming, a precipitate of magnesium hydroxide, 
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sepamting the precipute, creaming the separated precipitate with magne- 
sium' chloride solutioxx to produce a uniform sm-@- pension, dividing the ampension 
Into two por- 10 tions, neutralizing one podion with aqxieous hy. drochloric acid 
to f (irm a solution of manesiuzn chloride, neutmlizing the other Portion with 
aqueous hydrochloric acid and sulfuric acid to form a solution of magnesium 
chloride contain- 15 ing soluble sulfate, both such, solutions also con- taiwng a 
smaU. Proportion of calcium salts as Impurity, combining, the two neutrahzed aolu- 
tions in such, proportions that the result im solu-, tion contains sulfate in a 
quantity substantial* 20 equivalent stoieWometricaUy, to that of the cal- cium 
salts dissolved therein, evaporatiug the com- bined solution ' s to a concentration 
at which dal- clum sulfate is sul@stantiaby insoluble therein, Mtering the 
evaporated solution, to remove such 2 5 calcium sulfate, and further evaporating the 
ffl- tered solution to recover the magnesium chlortde therefrom in solid form. 4. 
In a method of treating natural brines con- taining magnesium salts together with a 
small 50 proportion of boron compounds to recover mag- nesiijm chloride therefrom 
with a low content of boron as impurity, the steps which consist in add- Ing to the 
brine an alkali in excess of the chemi- cal equivalent of the magnesium salts 
therein suf- 35 flcient to produce in the treated brine a soluble alkolinity 
between 0.01 N and' 0.065 N, whereby a precipitate of magnesium hydroxide is formed 
h-aving a low boron content, separating the pre- cipitate, dissolving the separated 
Precipitate in 40 aqueous hydrochloric acid to form a substantially neutral 
solution of magnesium chloride, and re- covftim soud magnedum chloride from the 
latber solution. 5. In a method iDf treating natural brines containing magmaium 
salts together with a small proiportion of boron oompounds to recover the ma=esium 
coi2tent thereof in a form having a low content of boron as impurity, the steps 
which congst iii adding milk of Ume to the brine In excess of the chemical 
equivalent of the magnesium wjts 'therein sufficient to produce in the treated 
brine a soluble alkahnity between 0.01 N and that wbich corresponds to the limit of 
solubility, of calcium hydroxide therein, whereby a precipitate of magnesium 
hydroidde Is formed having a low boron content, and sepamting the Preelpitate from 
the treated brine. 6 In a method-of treating sea water to recover the magnesium 
content thereof in a form having a low; content of boron as impurity, the steps 
which consist In adding mflk of lime to the sea water in excess of the chemleal 
equivalent of the magnesium salts therein sufficient to produce In -the treated sea 
water a soluble, alkalinity between 0.01 N and 0.04 N, whereby, a precipitate of 
magnesium hvdro2dde is forraed having a low boron content, and separating the 
precipitate from the treated sea water . 1. In a method of treating natural brines 
containing magnesium salts together with a small proportion of boron compounds to 
recover the magnesium content thereof in a form h.Oving a low oontent of boron as 
impurity, the steps which consist In adding to the brine an alkali in excess of the 
chemical equivalent of the -magnesium salts therein sufficient to produce in 
the 'treated brine a soluble alkalinity, between 0.01 N and 0.065 N, 'whereby 
magnesium hydroxide is precipitated having a low boron content, and separating the 
precipitate from the aqueous liquor. SHELDON B. I ARATH. FOREST R. NCENGER. 
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